Abstract Proper production of vowels has great significance in speech intelligibility. Evidence shows that cochlear implantation has a significant impact on language and reading abilities in some children immediately after the surgery. The aim of the present study is comparing the quality of 6 simple Persian vowels between two groups of cochlear-implanted children under and over 2 years old. This was a cross-sectional analytic study conducted on 70 children who were implanted under the age of 2, 70 children who were implanted over the age of 2 and 238 normal children as control group. For data analysis, the SFS win acoustic analysis was used. Result of this study showed that F2/i/, f1/e/, f2/e/, f2/?/, f1/a/, F2/a/, f1/o/, F2/o/and F2/u/ means had significant difference between three groups (P \ 0.05). Children implanted under the age of 2 showed similar performance as normal children in vowel production. Early cochlear implantation (under the age of 2) affects the quality of simple Persian vowel production significantly as well as the increase of speech intelligibility.
Introduction
Proper production of vowels has great significance in speech as they are not only structural blocks of words, but also form plosive consonants. The rhyme and prosody of speech are affected by the way vowels are formulated [1] . Thus, production of vowels seems to be an important communicative ability. Some researchers believe that improving the vowel production is 41-53 % effective in speech intelligibility [2, 3] Therefore, speech and language pathologists are interested in modification of vowel production in Deaf people [4] .
Through extensive surveys on auditory, language and speech skills of deaf children with cochlear implant, it is has been found that they show more considerable perceptual and productive improvement in comparison to deaf children with hearing aids [5] . Evidence shows that cochlear implantation has a significant impact on language and reading abilities in some children immediately after the surgery [6] .
Majority of the studies indicate that early cochlear implantation causes shortening the period of auditory deprivation, leading to prevention of inappropriate perceptual and expressive learning (especially for auditory and acoustic vowels). Consequently, the child is allowed to have the right and comprehensive experiences of the environment [7] [8] [9] [10] [11] [12] . However, some researches do not consider the effect of the age of implantation as a fundamental factor. For instance, Myiamoto et al. [13] believe that the age of implantation has effect on speech intelligibility but this effect is not statistically significant. Geers et al. [14, 15] confirming Miamoto expressed that early cochlear implantation can not ensure reaching natural levels of perception, speech and reading skills.
In spite of improvements in prosthesis, noble surgical techniques and auditory-verbal rehabilitation strategies, cochlear implant users are not capable of receiving the whole voice spectrum of speech [16] . This might have negative effects on the ability of proper vocalization ability particularly vowels. National institute of health in 1995 proposed that cochlear implantation should be done under the age of 2 in order to enhance the speech and language skills. While some implants are applied over 2 years old [17] .
According to previous studies, using cochlear implants in younger ages resulted in better perception of speech, modification of vowel recognition and production in people with hearing loss [5, 12] .
Some studies assume that the age of implantation has significant effect on expressive speech skills and speech intelligibility [18, 19] . The main question is in what age in the implantation could affect the ability to produce vowels properly in cochlear-implanted children; and how it is compared with normal children?
Considering the lack of information in the area of vowel production as well as insufficient researches on Persian-speaking children of different ages with cochlear implantation, the aim of the present study is comparing the quality of six simple Persian vowels between two groups of cochlear-implanted children under and over 2 years old.
Methods
This study was a cross-sectional descriptive and analytic study conducted on 70 children (32 male, 38 female) who were implanted under the age of 2 and 70 children (35 male, 35 female) who were implanted after the age of 2. The participants were extracted from hospitals of Tehran University of medical sciences. The inclusion criteria were: Receiving 9 ± 1 months rehabilitation after surgery, 9 ± 2 months using implants, healthy oral organs related to speech production and unilateral application of the implant. History of epilepsy, seizure, faint, head injury, bilinguality of child or parents, neuromuscular deficits such as cerebral palsy and parents hearing lost, consisted the exclusion criteria.
In fact, the sample had no adjunct complication except for hewing loss. As control group, 238 normal children (110 male, 128 female) with the mean age of 52.13 ± 9.36 months were randomly selected from 20 zones of Tehran kindergartens. For vowels analysis speech samples including six unisylabic standard vocal contexts, [hud,hod,had,hoed,hed,hid] were tape recorded and played for children, then they were asked to repeat each word after listening [17] .
Because children had no semantically comprehension of informationed non-words, bisyllabic meaningful words were used. These meaningful words consisted of two unmeaningful syllables.
Gettingspeechsampleswasasfollows:afterdisplayingand teachingaword,thefirstandsecond(nonwords)syllablesofthe wordwererespectivelyexpressedrespectivelybytheexaminer andthechild.Forexample,fornonwordof/hid/,afterdisplaying andteaching/Nahid/,thefirstsyllable,/Na/andimmediatelythe secondone,/hid/werepronouncedbytheexaminerandthechild consecutively. Both voices were recorded on the software. Afterwards, voice spectrum/hid/was simply detected by SFS software.
The first middle 30 ms of the vowel spectrum is detected and related numbers were written in first and second formant frequencies (first and second formant frequency are measured to assess the vowels pronunciation 1 ). By understanding these two voice parameters, the appropriate vowel pronunciation can be determined [20] .
Hence, each Persian vowel has two formant frequencies. To simplify, each formant frequency is abbreviated.
For instance the first and second vowel formant of/i/are abbreviated f1/i/and f2/i/. For data analysis, the SFS win 2 acoustic analysis was used [21] .
A SHURE BG 1.1/C15AHZ/Pin2Hot Microphone made in Mexico and a dell Inspiron 1300 Malaysian were also applied for speech sampling.
Data analysis was conducted using the Statistical Package for the Social Sciences (SPSS) version 16. The descriptive measures were mean and standard deviation. To assess the association between variables the following steps were consecutively followed: measurement of simple percentages, independent t test and univariate analysis of variance (ANOVA). The significance level was 0.05.
To confide the reliability of SFS win in Persian language, it was tested on 16 cochlear-implanted children. Test-retest was conducted periodically three times with a 3-day interval of each sampling. The correlation coefficients between three tests were high (r [ 0.880). 1 Vibration of the vocal cords provides sound source. This sound source consists of a fundamental frequency and its harmonics that are multiples of the fundamental frequency. Then this sound is changed with shape of oral cavity. The speech cavity acts like a filter and strengthening some harmonic frequencies and weakening others. Those Frequencies that strengthened are called ''Formant''. Formants generally determine the differences between the vowels [20] . 2 Speech Filing System.
Results
The mean age at implantation and chronological age of children who were implanted under 2 years old was 22 ± 1 and 32.53 ± 1.8 months respectively and in children who were implanted over 2 years old was 28 ± 1 and 37.74 ± 1.7 months. Table 1 indicates results related to the mean and SD of the first and second formant frequencies of simple Persian vowels in three groups of participants: cochlear-implanted under 2 years old, over 2 years old and normal ones.
According to the one-way ANOVA, F2/i/, f1/e/, f2/e/, f2/?/, f1/a/, F2/a/, f1/o/, F2/o/and F2/u/means had significant difference between three groups ( Table 2) .
As presented in Table 1 , mean scores of F2/a/, F2/u/, F2/ ae/, F2/e/and F2/o/were significantly different between the implanted children under and over 2 years old. Also F1/a/, F2/i/, F2/u/, F2/ae/, F1/e/, F2/e/, F1/o/and F2/o/means had significant difference between normal children and implanted children over 2 years old, while there was no significant difference between normal children and implanted children under 2 years old. Also, the vowel plot of three groups of studied children was respectively presented (Figs. 1, 2, 3 ).
Discussion
The result of this study indicate the significant difference of vowel production among children implanted at different ages. significant differences in speech and language skills of children implanted at different ages are proven through other studies for instance, it has been found that children implanted under 5 years old, showed better performance in speech production tasks than the ones implanted over the age of five [22] . Also Svirsky et al. [23] compared the scores derived from production tasks in implanted children and observed more precise production in children implanted under the age of 36 months than children over that age.
Some researchers believe that cochlear implantation in lower ages provokes better perception of speech and their subsequent reading abilities. So, the age of implantation affects significantly expressive speech skills and speech intelligibility [19, 23] . It should be mentioned that other factors such as the type of prosthesis, quality of post surgical education and the child's IQ has effects on the acquisition of speech and language skills [6] . Proper production of vowels is a verbal ability upon which the child's speech and language skills can be evaluated. As shown in results, there is significant difference in production of each six Persian vowels between children implanted under 2 years old and those over the age of 2. Improvement in quality of vowel production in children implanted under 2 years old is obvious when it is compared with normal children. According to results, no significant difference in vowel production is observed between normal children and children implanted under the age of 2. However, there has been significant difference (at least in one vowel formant frequency) between normal children and children implanted over 2 years old. 
Conclusion
As indicated in this study, children implanted under the age of 2 has difference with children implanted over 2 years old in production of all Persian vowel. Meanwhile, there was no significant difference between normal children and children implanted under 2 years old in this item. However, children implanted over the age of 2 were different from the normal children at least in one vowel formant frequency. The difference in production of simple vowels between this group and the normal one might be resulted from the shortening of the auditory deprivation before cochlear implantation. Therefore, considering results of our study, it could be claimed that early cochlear implantation (under the age of 2) affects the quality of simple Persian vowel production significantly as well as the increase of speech intelligibility.
